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We claim: a 

1. The ligand represented by general structure 1: 




comprising 1 from 4 to 8 atoms in a ring structure; 

X and Y represent, independently for each occurrence, NR 2 , PR 2 , AsR 2 , OR, or SR; 

R 5 Rj 5 R 2 , R3, and R4, for eath occurrence, independently represent hydrogen, halogen, 
10 alkyl, alkenyl, alkynyl, hydroxy I, alkbxyl, silyloxy, amino, nitro, sulfhydryl, alkylthio, imine, 
amide, phosphoryl, phosphonate, phosbhine, carbonyl, carboxyl, carboxamide, anhydride, silyl, 
thioalkyl, alkylsulfonyl, arylsulfonyl, kelenoalkyl, ketone, aldehyde, ester, heteroalkyl, nitrile, 
guanidine, amidine, acetal, ketal, am ne oxide, aryl, heteroaryl, azide, aziridine, carbamate, 
epoxide, hydroxamic acid, imide, oxime, sulfonamide, thioamide, thiocarbamate, urea, thiourea, 
15 or-(CH 2 ) m -R 8 o; \ 
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R5 and R$, forteach occurrence, independently represent halogen, alkyl, alkenyl, alkynyl, 
hydroxyl, alkoxyl, siljloxy, amino, nitro, sulfhydryl, alkylthio, imine, amide, phosphoryl, 
phosphonate, phosphiik carbonyl, carboxyl, carboxamide, anhydride, silyl, thioalkyl, 
alkylsulfonyl, arylsulfonil, selenoalkyl, ketone, aldehyde, ester, heteroalkyl, nitrile, guanidine, 
5 amidine, acetal, ketal, Imine oxide, aryl, heteroaryl, azide, aziridine, carbamate, epoxide, 
hydroxamic acid, imide,\oxime, sulfonamide, thioamide, thiocarbamate, urea, thiourea, or 
(CH 2 ) m -R 8 o; 

A and B independently may be unsubstituted or substituted with R 5 and R*, 
respectively, any number times up to the limitations imposed by stability and the rules of 
10 valence; 

R, and R 2 , and/or R 3 \and R 4 , taken together may represent a ring comprising a total of 
5-7 atoms in the backbone oV said ring; said ring may comprise one or two heteroatoms in its 
backbone; and said ring may bear additional substituents or be unsubstituted; 

R g0 represents an unsubstituted or fxbfitvXed aryl, a cycloalkyl, a cycloalkenyl, a 
1 5 heterocycle, or a polycycle; 

m is an integer in the raike 0 to 8 i/iclusive; 

the ligand, when chiral, may be provided in the fofrfiof a mixture of enantiomers or as 
a single enantiomer. 



20 2. The ligand of claim 1 , wherein 
X and Y are not identical; 

R is selected, independently for each occurrence, from the set consisting of alkyl, 
heteroalkyl, cycloalkyl, heterocycloalkVl, aryl, heteroaryl, aralkyl, heteroaralkyl, and -(CH 2 ) m - 

R8o; 

25 R )5 R 2 , R 3 , and R 4 are selected independently for each occurrence, from the set 

consisting of H, alkyl, heteroalkyl, cyiloalkyl, heterocycloalkyl, aryl, heteroaryl, aralkyl, 
heteroaralkyl, halogen, -SiR 3 , and -(CH 2 )i-R80; and 
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R5 and R$ are selected, independently for each occurrence, from the set consisting of H, 
alkyl, heteroalkyl, cytloalkyl, heterocycloalkyl, aryl, heteroaryl, aralkyl, heteroaralkyl, 
halogen, -SiR 3 , and -(cft 2 )m- R 80- 



5 3. The ligand of claim ll wherein X is hydrogen; and Y is PR 2 . 
4. The ligand of claim 3 1 wherein R is alkyl. 



i A 



The ligand represented by general structure 2 

R2 




10 wherein 

X and Y represent, independently for each occurrence, NR 2 , PR 2 , AsR 2 , OR, or SR; 

R, Rj, R2, R3, R4, R5, I*k R 7> and R 8> for each occurrence, independently represent 
hydrogen, halogen, alkyl, alkenyl, klkynyl, hydroxyl, alkoxyl, silyloxy, amino, nitro, sulfhydryl, 
alkylthio, imine, amide, phosphoryj, phosphonate, phosphine, carbonyl, carboxyl, carboxamide, 
15 anhydride, silyl, thioalkyl, alkylsAlfonyl, arylsulfonyl, selenoalkyl, ketone, aldehyde, ester, 
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heteroalkyl, nitrile, guanidW, amidine, acetal, ketal, amine oxide, aryl, heteroaryl, azide, 
aziridine, carbamate, epoxide, hydroxamic acid, imide, oxime, sulfonamide, thioamide, 
thiocarbamate, urea, thiourea,tor -(CH 2 ) m -R80; 

any pair(s) of substitueVits, with an ortfio-relationship therebetween, selected from the 
5 group consisting of K\ , R 2 , rA *4, *5> Ro» ^7. and R 8 , taken together may represent a ring 
comprising a total of 5-7 atoms\n the backbone of said ring; said ring mayjcomprise^one or 
two heteroatoms in its backborip'; and said ring may bear additional substituents or be 
unsubstituted; 

R 80 represents an unsubsti^ited cjr substituted aryl, a cycloalkyl, a cycloalkenyl, a 
1 0 heterocycle, or a polycycle; 

m is an integer in the range 0 \o A inclusive; and 

the ligand, when chiral, may \\ pWided^n the form of a mixture of enantiomers or as 
a single enantiomer. 
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15 6. The ligand of claim 5, wherein: 
X and Y are not identical; 

R is selected, independently for e^ch occurrence, from the set consisting of alkyl, 
heteroalkyl, cycloalkyl, heterocycloalkyl, ar^, heteroaryl, aralkyl, heteroaralkyl, and -(CH 2 ) 

R8o; 

20 Rl, R2, R3. R4> R 5' *6> R 7> and R 8 ^ selected, independently for each occurrence, 

from the set consisting of H, alkyl, heteroalkyAcycloalkyl, heterocycloalkyl, aryl, heteroaryl, 
aralkyl, heteroaralkyl, halogen, -SiR 3 , and -(CH 2 \ m -R80- 



7. The ligand of claim 5, wherein X is hydrogen; and Y is PR 2 . 
25 8. The ligand of claim 7, wherein R is alkyl. 



9. 



The ligand represented by general structure 3: 
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wherein 




X and Y represent, independents for each occurrence, NR 2 , PR 2 , AsR 2 , OR, or SR; 

R, Rj, R2, R3, and R4, for each occurrence, independently represent hydrogen, halogen, 
alkyl, alkenyl, alkynyl, hydroxyl, alkoxyi, Yi lyloxy, amino, nitro, sulfhydryl, alkylthio, imine, 
amide, phosphoryl, phosphonate, phosphine,\carbonyl, carboxyl, carboxamide, anhydride, silyl, 
thioalkyl, alkylsulfonyl, arylsulfonyl, selenoa\kyl, ketone, aldehyde, ester, heteroalkyl, nitrile, 
guanidine, amidine, acetal, ketal, amine oxide, aryl, heteroaryl, azide, aziridine, carbamate, 
epoxide, hydroxamic acid, imide, oxime, sulfonamide, thioamide, thiocarbamate, urea, thiourea, 
or-(CH 2 ) m -R 80 ; \ 

R5 and R^, for each occurrence, independently represent halogen, alkyl, alkenyl, alkynyl, 
hydroxyl, alkoxyi, silyloxy, amino, nitro, sulfhydryl, alkylthio, imine, amide, phosphoryl, 
phosphonate, phosphine, carbonyl, carboxyl, ckrboxamide, anhydride, silyl, thioalkyl, 
alkylsulfonyl, arylsulfonyl, selenoalkyl, ketone, aldelWde, ester, heteroalkyl, nitrile, guanidine, 
amidine, acetal, ketal, amine oxide, aryl, heteroaryl azide, aziridine, carbamate, epoxide, 
hydroxamic acid, imide, oxime, sulfonamide, thioamide, thiocarbamate, urea, thiourea, or - 
(CH 2 ) m -R 80 ; \ 
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the B and B\ rings of the binaphthyl core independently may be unsubstituted or 
substituted with R 5 ank R«, respectively, any number of times up to the limitations imposed by 
stability and the rules of valence; 

R, and R 2 , and/oV R 3 and R 4 , taken together may represent a ring consisting of a total 
of 5-7 atoms in the backbone of said ring; said ring may eompnse one or two heteroatoms in 
its backbone; and said rink may bear additional substituents or be unsubstituted; 

R 80 represents an Unsubstituted or substituted aryl, a cycloalkyl, a cycloalkenyl, a 
heterocycle, or a polycycle;\ 

m is an integer in the\range 0 to 8 inclusive; and 

the ligand, when chirk may be provided in the form of a mixture of enantiomers or as 
a single enantiomer. 



10. The ligand of claim 9, wherein: 
X and Y are not identical; 

15 R is selected, independentW for each occurrence, from the set consisting of alkyl, 

heteroalkyl, cycloalkyl, heterocyclo^lkyl, aryl, heteroaryl, aralkyl, heteroaralkyl, and -(CH 2 ) n 

R8o; 

R„ R 2 , R 3 , and R 4 are selected, independently for each occurrence, from the set 
consisting of H, alkyl, heteroalkyl, cVcloalkyl, heterocycloalkyl, aryl, heteroaryl, aralkyl, 
20 heteroaralkyl, halogen, -SiR 3 , and -(CH 2 L-R80; and 

R 5 and R6 are selected, independently for each occurrence, from the set consisting of 
alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl, aralkyl, heteroaralkyl, 
halogen, -SiR 3 , and -(CH 2 ) m -R80- 

11. The ligand of claim 9, wherein X is hyMrogen; and Y is PR 2 . 
25 1 2. The ligand of claim 1 1 , wherein R is a%l- 



13. 



The ligand represented by general structure\4: 
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each occurrence, from the set consisting of alkyl, 
aryl, heteroaryl, aralkyf, heteroaralkyl, and -(CH 2 ) m - 




wherein 

R is selected, independently for 
heteroalkyl, cycloalkyl, heterocycPpalkyl 

R8o; 

the A and A 5 rings of theXbiphei^^j^fe independently may be unsubstituted or 
substituted with R, and R 2 , respectively, any number of times up to the limitations imposed by 
stability and the rules of valence; 

Rj and R2 are selected, independently for each occurrence, from the set consisting of 
alkyl, heteroalkyl, cycloalkyl, heteroc^cloalkyl, aryl, heteroaryl, aralkyl, heteroaralkyl, 
halogen, -SiR 3 , and -(CH 2 ) m -R80; 

R 80 represents an unsubstituted or Substituted aryl, a cycloalkyl, a cycloalkenyl, a 
heterocycle, or a polycycle; 

m is an integer in the range 0 to 8 inclusive; and 

the ligand, when chiral, may be provided! in the form of a mixture of enantiomers or as 
a single enantiomer. 



14. 



The ligand of claim 13, wherein: 
R, and R 2 are absent; 
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both instances of R on the N depicted explicitly are lower alkyl; and 
both instances of R on P depicted explicitly are cycloalkyl. 



1 5. The ligand represented by general structure 5: 



•P(R) 2 
-P(R)2 



wherein 

R is selected, independently for each occurrence, from the set consisting of alkyl, 
heteroalkyl, cycloalkyl, heterotycloalkyl, aryl, heteroaryl, aralkyl, heteroaralkyl, and -(CH 2 ) m - 

R8o; 

the A, B, A', and B' ring\ of the binaphthyl core independently may be unsubstituted 
or substituted with R„ R 2 , R 3 , anV, respectively, any number of times up to the limitations 
imposed by stability and the rules of valence; 

R„ R 2 , R 3 , and R 4 , are selected, independently for each occurrence, from the set 
consisting of alkyl, heteroalkyl, .Lcloalkyl, heterocycloalkyl, aryl, heteroaryl, aralkyl, 
heteroaralkyl, halogen, -SiR 3 , and -(CH 2 ) m -R80; 

R 80 represents an unsubstitute^ or substituted aryl, a cycloalkyl, a cycloalkenyl, a 
heterocycle, or a polycycle; 

m is an integer in the range 0 to 8 Wlusive; and 
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the ligandjwhen chiral, may be provided in the form of a mixture of enantiomers or as 
a single enantiome 

1 6. The ligand if claim 1 5, wherein: 
R„ R 2 , R 3 , aid R,, are absent; and 
all instances IfR are lower alkyl or cycloalkyl. 



1 7. The ligand represented by generaPstnicture 6 
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10 wherein 

R is selected, independently for each occurrence, from the set consisting of alkyl, 
heteroalkyl, cycloalkyl, heteroiycloalkyl, aryl, heteroaryl, aralkyl, heteroaralkyl, and -(CH 2 ) m - 

R8o; 

the A and A' rings of I the biphenyl core independently may be unsubstituted or 
1 5 substituted with R, and R 2 , respebtively, any number of times up to the limitations imposed by 
stability and the rules of valenceA 

R| and R-2 are selected, independently for each occurrence, from the set consisting of 
alkyl, heteroalkyl, cycloalkyl, hlterocycloalkyl, aryl, heteroaryl, aralkyl, heteroaralkyl, 



# 



# 
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halogen, -SiR 3 , a id -(CH 2 ) m -R80; 

R 80 represents an unsubstituted or substituted aryl, a cycloalkyl, a cycloalkenyl, a 
heterocycle, or a polycycle; 

m is an inreger in the range 0 to 8 inclusive; and 

the ligand, When chiral, may be provided in the form of a mixture of enantiomers or as 
a single enantiomer 



18. The ligand ofAclaim 1 7, wherein: 
R, and R 2 are absent; and 
all instances ofjl are lower/alkyl or cycloalkyl. 

19. The ligand represented b^ general structure 7: 

*2 _ ... Ri 




wherein 

R is selected, independently Ifor each occurrence, from the set consisting of alkyl, 
heteroalkyl, cycloalkyl, heterocycloaltyl, aryl, heteroaryl, aralkyl, heteroaralkyl, and -(CH 2 ) m - 

R8o; 



m 
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the A, B, A', aftd B' rings of the binaphthyi core independently may be unsubstituted 
or substituted with R l5 R 2 , R 3 , and R«, respectively, any number of times up to the limitations 
imposed by stability and the rules of valence; 

R„ R 2 , R 3 , and\R4, are selected, independently for each occurrence, from the set 
consisting of alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl, aralkyl, 
heteroaralkyl, halogen, -S?R 3 , and -(CHi) m -Rj8o; 

R 80 represents an vinsubstitutep or substituted aryl, a cycloalkyl, a cycloalkenyl, a 
heterocycle, or a polycycle; 

; 0 to x£ inclusive; and 

the ligand, when chiral\ may be provided in the form of a mixture of enantiomers or as 
a single enantiomer. 



20. The ligand of claim 19, wherein: 
R„ R 2 , R 3 , and R 4 , are abseht; 

both instances of R on the M depicted explicitly are lower alkyl; and 
both instances of R on P depibted explicitly are cycloalkyl. 



2 1 . The method debicted in Scheme 1 : 



ArX + HN(k')R n 



transition metal, 

ligand of the present invention, 

base 



ArN(R)R" 



Scheme 1 

wherein 

Ar is selected froVn the set consisting of optionally substituted monocyclic and 
polycyclic aromatic and heteroaromatic moieties; 

X is selected from thdset consisting of CI, Br, I, -OS(0) 2 alkyI, and -OS(0) 2 aryl; 
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R' and R'j are selected, independently for each occurrence, from the set consisting of 
H, alkyl, heteroaliyl, aryl, heteroaryl, aralkyl, alkoxyl, amino, trialkylsilyl, and triarylsilyl; 

R' and R'\ taken together, may form an optionally substituted ring consisting of 3-10 
backbone atoms iiclusive; said ring optionally comprising one or more heteroatoms beyond 
the nitrogen to wh ich R' and R" are bonded; 

R' and/or R" may be covalently linked to Ar such that the amination reaction is 
intramolecular; 

the transiti )n metal is selected from the set consisting of the Group VIII A metals; 
1 i s selected from the set consisting of 1-7 inclusive; and 



the ligand 

the base 
alkoxides, amides 



22. 



i > selected from the set consisting of hydrides, carbonates, phosphates, 
carbanions, and silyl anions. 



The methoc 
the ligand i > 
the transition 
the base is 



of claim 21, wherein: 
2; 

metal is palladium; and 
alkoxide, amide, phosphate, or carbonate. 



25 



23. The method bf claim 2 1 or 22, wherein: 

the ligand is 2, wherein X is hydrogen, and Y represents P(alkyl) 2 ; and 
X represents CI or Br. 

24. The method c f claim 2 1 , wherein: 
the ligand is 4 ; 

the transition metal is palladium; and 

the base is an alkoxide, amide, phosphate, or carbonate. 
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25 . The method of claim 22, wherein: 

the ligand is 4, wherein R, and R 2 are absent; P(R) 2 represents PCy 2 , and N(R) 2 
represents NMa^; and 

X represents CI or Br. 



10 
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26. The methtod of claim 21, wherein: HN(R')R" represents an optionally substituted 
heteroaromatic compound. 

27. The method of claim 21, wherein: X represents CI; the ligand is 4, wherein R, and R 2 
are absent, PYR) 2 represents PCy 2 , and N(R) 2 represents NMe 2 ; the transition metal is 
palladium; andithe base is an alkoxide, amide, phosphate, or carbonate. 



28. The metltod of claim 21, wherein: X represents Br or I; the ligand is 4, wherein R, and 
15 R 2 are absent, P(R) 2 represents PCy 2 , and N(R) 2 represents NMe 2 ; the transition metal is 
palladium; the babe is an alkoxide, amide, phosphate, or carbonate; and the transformation 
occurs at room tenVperature. 



29. The methodW claim 21, wherein: the ligand is 5; the transition metal is palladium; 
20 and the base is an allioxide, amide, phosphate, or carbonate. 
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30. The method oflclaim 21, wherein: X represents CI; the ligand is 5, wherein R„ R 2 , R 3 , 
and R4 are absent, andlall occurrences of R are cyclohexyl; the transition metal is palladium; 
and the base is an alkoxide, amide, phosphate, or carbonate. 

32. The method of claim 21, wherein: the ligand is 2, wherein X and Y both represent P; 
the transitionVnetal is palladium; and the base is an alkoxide, amide, phosphate, or carbonate. 
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33. \The method of claim 21, wherein: X represents CI; the ligand is 2, wherein X and Y 
both rdbresent P, R„ R 2 , R 3 , R4, R5, R*, R 7 , and R 8 are absent, and all occurrences of R are 
cyclohe^yl; the transition metal is palladium; and the base is an alkoxide, amide, phosphate, 
5 or carbchate. 



34. Tfte method of claim 2 1 , wherein (alkeny 1)X serves as a surrogate for ArX. 

35. The method of claim 21, wherein the product is provided in a yield of greater than 
10 50%. 

36. The method of claim 21, wherein the product is provided in a yield of greater than 
70%. 

37. The method of claim 21, wherein the product is provided in a yield of greater than 85%. 

38. The method of claim 21, wherein the reaction occurs at ambient temperature. 

15 39. The method of claim 21, wherein the catalyst complex is present in less than 0.01 mol% 
relative to the limiting reagent. 

40. The method of claim 21, wherein the catalyst complex is present in less than 0.0001 mol% 
relative to the limiting reagent. 

4 1 . Thd\pethod depicted in Scheme 2: 

transition metal, 
ligand of the present invention, 

ArX \+ ArB(OH) 2 — ► Ar AC 

20 \ Scheme 2 

wherein 

Ar and Ar'We independently selected from the set consisting of optionally substituted 
monocyclic and polycyclic aromatic and heteroaromatic moieties; 
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X is selected from the set consisting of CI, Br, I, -OS(0) 2 alkyl, and -OS(0) 2 aryl; 

At and Ar' may be covalently linked such that the reaction is intramolecular; 

the transition metal is selected from the set consisting of the Group VIHA metals; 

the ligandl is selected from the set consisting of 1-7 inclusive; and 

the base L selected from the set consisting of carbonates, phosphates, fluorides, 
alkoxides, amidesAcarbanions, and silyl anions. 
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42. The method of claim 4 1 , wherein 
the ligand is 

10 the transition fcietal is palladium; and 

the base is an ajlkoxide, amide, phosphate, or carbonate. 

43 . The method of claim 4 1 or 42, wherein 

the ligand is 2, wherein X is hydrogen, and Y represents P(alkyl) 2 ; and 
1 5 X represents CI or©r. 

44. The method of claim 4 1 , wherein: 
the transition metal i\ palladium; 
the ligand is 4; and 

20 the base is an alkoxide\ amide, carbonate, phosphate, or fluoride. 



25 



45. The method of claim 41 Awherein: 

the ligand is 4, wherein\R, and R 2 are absent; P(R) 2 represents PCy 2 , and N(R) 2 
represents NMe 2 ; 

X represents CI or Br; and 
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the reaction occurs at room temperature. 

46. The method of claim 41, wherein (alkenyl)X serves as a surrogate for ArX, and/or 
(alkenyl)B(OH) 2 \erves as a surrogate for ArB(OH) 2 . 



47. The method of claim 41, wherein the product is provided in a yield of greater than 
50%. 

48. The method of claim 41, wherein the product is provided in a yield of greater than 
70%. 

10 49. The method of claim 41, wherein the product is provided in a yield of greater than 
85%. 

50. The method of claim 4 1 , wherein the reaction occurs at ambient temperature. 

51. The method of claim 41, wherein the catalyst complex is present in less than 0.01 
mol% relative to the limiting reagent. 

15 52. The method of claim 41, wherein the catalyst complex is present in less than 0.0001 
mol% relative to the limiting reagent. 



53 . The method deputed in Scheme 3 : 

transition metal, 
ligand of the present invention, 

ArX + RBRV 




Ar R 



Sf heme 3 

20 wherein 

Ar is selected from! the serconsisting of optionally substituted monocyclic and 
polycyclic aromatic and heterWomatic moieties; 
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R is selected from the set consisting of optionally substituted alkyl, heteroalkyl, and 



aralkyl; 

R* is selected, indbpendently for each occurrence, from the set of alkyl and 
heteroalkyl; the carbon-boroh bond of said alkyl and heteroalkyl groups being inert under the 
reaction conditions, e.g., BR| 2 taken together represents 9-borobicyclo[3.3.1]nonyl. 

X is selected from thdset consisting of CI, Br, I, -OS(0) 2 alkyl, and -OS(0) 2 aryl; 

Ar and R may be covalently linked such that the reaction is intramolecular; 



the transition metal is 



selected from the set consisting of the Group VIII A metals; 



the ligand is selected from the set consisting of 1-7 inclusive; and 

the base is selected from the set consisting of carbonates, phosphates, fluorides, 
alkoxides, amides, carbanions, and silyl anions.! 

The method of claim 531 whereiry 

the ligand is 2; 



54 



the transition metal is palladium; 
the base is an alkoxide, aqiide, f 



and 

losphate, or carbonate. 



55. 



56. 
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The method of claim 53 oi 54, wherein: 

the ligand is 2, wherein X (s hydrogen, and Y represents P(alkyl) 2 ; and 
X represents CI or Br. 

The method of claim 53, wherein 
X represents CI or Br; 
the transition metal is palladium; 
the ligand is 4; and 

the base is an alkoxide, amideAcarbonate, phosphate, or fluoride. 
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57. The method of claim 53, wherein 

the ligand is *, wherein R, and R 2 are absent; P(R) 2 represents PCy 2 , and N(R) 2 
represents NMe 2 ; and 1 
X represents Cli 

58. The method of claim 53, wherein (alkenyl)X serves as a surrogate for ArX. 



59. The method of claim 53, wherein the product is provided in a yield of greater than 
10 50%. 

60. The method of claim 53, wherein the product is provided in a yield of greater than 
70%. 

61. The method of claim 53, wherein the product is provided in a yield of greater than 
85%. 

1 5 62. The method of claim 53, wherein the reaction / occurs at ambient temperature. 

63. The method of claim 53, wherein the catalyst complex is present in less than 0.01 
mol% relative to the limiting reagent. 

64. The method of claim 53, wherein the catalyst complex is present in less than 0.0001 
mol% relative to the limiting reagent. 



20 



65. The method depicted ip Scheme 4: 
O 



ArX + R 




transition metal, 
ligand of the present invention, 
base 



Scheme 4 




# 
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wherein 

At is selected from the set consisting of optionally substituted monocyclic and 
polycyclic aromaticpnd heteroaromatic moieties; 

R, R', and RY are selected, independently for each occurrence, from the set consisting 
of H, alkyl, heteroalkM, aralkyl, aryl, heteroaryl; 

X is selected Aom the set consisting of CI, Br, I, -OS(0) 2 aikyl, and -OS(0) 2 aryl; 

Ar and one o\ R, R\ and R" may be covalently linked such that the reaction is 
intramolecular; 

the transition m4tal is selected from the set consisting of the Group VIIIA metals; 
the ligand is selected from the set consisting of 1-7 inclusive; and 
the base is selected from the s<|t consisting of carbonates, phosphates, fluorides, 
alkoxides, amides, carbanlons, and s/lyl anions. 

66. The method of clair\i 65, wh(erein 
the ligand is 2; 

the transition metal i^ palladiumfand 
the base is an alkoxidi, amide, phosphate, or carbonate. 



67. The method of claim 6^ or 66, wherein 
20 the ligand is 2, wherein ^ is hydrogen, and Y represents P(alkyl) 2 ; and 

X represents CI or Br. 
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68. The method of claim 65, w\ierein 
X represents CI or Br; 
the transition metal is palladiikn; 
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the ligand\is 4; and 

the base is an alkoxide, or amide. 
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69. The method of claim 65, wherein 

the ligand is\4, wherein R, and R 2 are absent; P(R) 2 represents PCy 2 , and N(R) 2 
represents NMe 2 . 



70. The method of claim 65 , wherein 
X represents Br; and 

10 the reaction occurs at room temperature. 

71. The method of claim 65, wherein (alkenyl)X serves as a surrogate for ArX. 



72. The method of claim 65, wherein the product is provided in a yield of greater than 
15 50%. 



I* : 73. The method of claim 65, wherein the product is provided in a yield of greater than 

70%. 

74. The method of claim 65, wherein the product is provided in a yield of greater than 85%. 

75. The method of claim 65, wherein the reaction occurs at ambient temperature. 

20 76. The method of claim 65, wherein the catalyst complex is present in less than 0.01 
mol% relative to the limiting reagent. 

77. The method of claim 65, wherein the catalyst complex is present in less than 0.0001 mol% 
relative to the limiting reagent. 

78. The method of claim 21, 41, 53, or 65, wherein the transition metal and ligand are 
25 selected to provide the product at room temperature. 
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79. The methodW claim 21, 41, 53, or 65, wherein the transition metal and ligand are 
selected to provide thfcyproduct when X is chloride. 

80. The method of claim 21, 41, 53, or 65, wherein the transition metal and ligand are 
selected ta provide! the product utilizing less than 0.01 mol% of the catalyst relative to the 
limiting reagent/ » j 

81. Thetaetnod of claim 21, 41, 53, or 65, wherein the transition metal and ligand are 
selected to provide the product utilizing less than 0.0001 mol% of the catalyst relative to the 
limiting reagant. 

82. The method of claini 21, 41, 53, or 65, wherein the transition metal and ligand are 
selected to consume the limiting reagent in less than 48 hours. 

83. The method of claim ^1, 41, 53, or 65, wherein the transition metal and ligand are 
selected to consume the limitinjAreagent in less than 24 hours. 

84. The method of claim 2 1 A 4 1 , 53, or 65, wherein the transition metal and ligand are 
selected to consume the limiting reagent in less than 12 hours. 

85. The method of claim 21, 41, 53, or 65, wherein the transition metal and ligand are 
selected to give the product in a yielu of greater than 50% in less than 48 hours. 

86. The method of claim 21, 4l\ 53, or 65, wherein the transition metal and ligand are 
selected to give the product in a yieldW greater than 50% in less than 24 hours. 

87. The method of claim 21, 41, 53, or 65, wherein the transition metal and ligand are 
selected to give the product in a yield of greater than 50% in less than 12 hours. 



